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b Chloro cerium (lll) trithiophosphates (RO)(S)(P)(S)2CeCl where R = Me ,Et, nPr, iPr, nBu, sBu, iBu, iAm, cyclohexyl, Phenyl
é ,were prepared in the methanolic solution of CeClI3 and dipotassium salt of trithiophosphate .These newly synthesized
r derivatives have been characterized by elemental analysis , moleculer weight measurement, IR ,13C ,31P spectral
2 studies. coordination number three is proposed for cerium with discreate trigonal planar geometry.
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Introduction-

In the recent years considerable interest have been evinced in
the chemistry of metallic moieties bonded with sulfur ligands
such as thiolates, dithiolates @ thio K diketones @ dithiocarba-
mates and O-O- alkylene dithiophosphates ¢ . Dithiophosph-
inates of lanthanide elements along withthe crystal structure
for a few have been reported ©7- Synthesis ,characterization
and crystal structure of new co-ordination polymers of cerium
(Il containing 2-6 pyridine dicarboxylic acid have beenpre-
pared® O-alkyl, O-cycloalkyl and O-aryl trithiophosphato de-
rivatives of Di-propyl Tin (IV) moieties and their adducts with
nitrogen donar bases have been synthesized and character-
ized @ Complexes of cerium (lll) with bis-coumarins:3,3'-ben-
zylidene-bis(4-hydroxy-2H-1-benzopyran-2-one) and bis(4-hy-
droxy-2-oxo-2H-chromen-3-yl)-(1H-pyrazol-3-yl)-methane were
synthesized"9Potassium salt of trithiophosphates exist in two
isomeric forms ; [(RO)P(S)S,IK, and [(RS)P(O)S,IK, Organic trith-
iophosphates esters have been used as defoliants " incecte-
sidest''2 nematocides'? and inhibitors"? of steel corrosion.
The persusal of literature revealed only two publications on
the metallic esters of tri thiophosphoric acids +'>The trithi-
ophosphate derivatives of cerium are still unknown. In contin-
uation of our research interest in ligands containing phospho-
rus and sulfur both, it was thought worthwhile to synthesise
a number of compound of the type (RO)S)(P)(S),CeCl. In the
present communication,we report the synthesis and character-
ization of a number of chloro cerium(lll) trithiophosphates and
their reaction with nitrogen donar bases.

Experimental Procedure

Dipotassium salt of O-alkyl, O-aryl and O-cycloalkyl trithio-
phosphates were prepared by the reaction of Phosphorus
pentasulfide with corresponding alcohals and triethyl amine
in 1:3:3 molar ratio in anhydrous benzene.The reaction mix-
ture was stirred for 30 minute on a water bath. After stirring a
methanolic solution potassium hydroxide was added and dipo-
tassium salt was precipitated out . All chemicals were of A.R
grade and were used after drying process.

Measurement-

IR spectra were recorded in KBr pellets with a Perkin Elmer
Model 577 spectrophotometer in the region 4000-200 cm-1.
'H NMR were recorded in water and DMSOD, using DSS (di-
methyl silyl pentyl sulphonate) and TMS (tetra methyl silane)
as internal standard . These spectra were recorded on Brucker
DRX-300 spectrometer at 75.47 MHz. '*C NMR spectra were

recorded in water and DMSO using DSS (dimethyl silyl pentyl
sulphonate) and TMS (tetra methyl silane) as internal standard.
Proton decoupled 3'P NMRspectra were recorded in water and
DMSO using H,PO, (ortho phosphoric acid) and as an internal
standard. These spectra were recorded on Brucker DRX-300
spectrometer at 121.50MHz. The melting point of the synthe-
sized compound was recorded on B.l.Bornsted electro thermal
instrument in a sealed capillary tube Elemental analysis were
carried out by standered procedure!® Carbon, hydrogen and
nitrogen were estimated by coleman C,H,N analyzer.

Resulst and Discussion-

(RO)(S)(P)(S),CeCl

Chloro cerium(lll) trithiophosphates are white colour sol-
ids.These complexes are soluble in coordinating solvents as
DMSO.Complexes decompose very slowly at room temper-
ature and hygroscopic but remain intact when stored in dry
and cooled conditions.

IR spectra-

IR spectra (table1) of chloro cerium(lll) trithiophosphate have
been measured in the range of 4000-200 cm™" and assignments
have been made by comparision with IR spectra of respective
Potassium trithiophosphates'”'®. The bands present in the region
1022-1013 and 822-809cm™ have been assigned to K[(P)-O-C]
and K[P-O-(C)] stretching vibrations respectively. Strong bands in
the region 649-635cm™ is observed due to K[P=S] stretching.
Bands due to X[P-S] strech of medium intensity is observed in
the region 422-429 cm™, these frequencies are lower in com-
parison to ligand spectra.This is the direct evidence that coordi-
nation occurs with the sulfur.’® Two new bands also appearsin
the complex spectra in the region 349-340 and 360-350 cm’,
they are as signed to K[Ce-S] and R[Ce-Cl] respectively. This indi-
cates lowering in symmetry of the ligand because of coordina-
tion?®

NMR Spectra-

In 3'P NMR spectral data (table2) only one signal of phos-
phorus have been observed which indicates that although
two isomers were there in ligand but only one type of ligand
isomer is present in compound form Signals are downfield
about+19K, ppm and it shows complexation and bidentate na-
ture of the ligand?" 'H NMR spectral data are summarized in (
table3). They are in good agreement

with the corresponding alkyl group?? but more deshielded
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compared to the ligand spectra .Percentage of deshielding
decreases with the ¥, K, and K carbons. Some signal ob-
tained in ligand spectra due to —SCH, at about 2.4 K, ppm
is disappearedthus it concluded that only one type of iso-

mer is present in the chloro cerium trithiophosphate com-

plex.Number of hydrogens by integration ratio suggest that

there is only one trithiophosphate ligand associated with
the cerium.’*C NMR spectral data (table3) shows charac-
teristic resonance due to the alkoxy and phenoxy group?'.
The'C resonance for the carbon atom of [P-O-C] group
appears as doublet due to coupling with 3'Pnuclei. Molec-
ular weight measurement and elemental analysis (table 4)
confirm the monomeric nature of the complex .Putting all

the facts together coordination number three is proposed
for cerium with discreate trigonal planar geometry.The ten-

tative strcture is shown in Fig 1 .
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TENTATIVE STRUCTURES

Fig 1 Structure of (RO)(S)(P)(S),CeCl
Table1: Infra red spectral data for chloro cerium trithiophosphate

Cl

S.No Compound X[(P)-O-C] X[P-O-(C)] X [P=S] X[P-S] X[Ce-S] K[Ce-Cl]

1 (CH,0)P(S)(S),CeCl 1016(s) 813(s) 641(s) 427(m)  |340(s) 355(m)

2 (C,H,0)P(S)(S),CeCl 1022(s) 809(s) 640(s) 426(m) 341(s) 354(m)

3 "(CH,0)P(S)(S),CeCl 1020(s) 819(s) 635(s) 422m)  |342(s) 359(m)

4 (C,H,0)P(S)(S),CeCl 1019(s) 816(s) 643(s) 423m)  |343(s) 350(m)

5 "(C H,0)P(S)S),CeCl 1021(s) 817(s) 644(s) 424(m)  |344(s) 353(m)

6 (C,H,0)P(S)(S),CeC| 1020(s) 815(s) 646(s) 426(m)  |346(s) 360(m)

7 (C,H,0)P(S)(S),CeCl 1022(s) 820(s) 647(s) 429m)  |349(s) 358(m)

8 (CH, 0)P(S)S),CeCl 1015(s) 822(s) 643(s) 424(m)  |344(s) 357(m)

9 (C.H, 0)P(S)S),CeCl 1019(s) 821(s) 649(s) 428m)  |348(s) 358(m)

10 (C,H,0)P(SX(S),CeCl 1013(s) 810(s) 642(s) 424m)  |3420) 352(m)
Table2 : 3'P NMR spectral data for chloro cerium trithio- (C.H.OP(S) 72.61,d,c% 4.38(t, 2H,-OCH.)
phosphate complex 3 S BCeZC? 2;11'—'520218'(23 , %}g {nj|2-|H'(_j|C-|H)Z)

2 . ' - 1 i~
S.NO| Compound 31P NMR Data Chemicalshift®pm) y 3
» 68.88,d,c:-
(C.HO)P(S) 8.88,d, 5.19(m, 1H,-OCH
1 |(CH,0)P(S)S),CeCl | 103.83 4 |sced Pzt 2.385d 6H,—CH3)Z;
2 |(C,HO)P(SXS),Ce CI | 104.92 0624
0.62,d,C:-
3 [Y(C,H,0P(S)S),CeCl | 104.68 5 [CHOPO) sl 3] 20cH)
7 lcroros. cecll 9928 (),ceC 15.18'C3 CH,) T1(£3H,-CH;)
(C,H,0)P(S)(S),Ce . 25.68 C*

5 |"(C,H,0)P(S)S),CeCl | 98.19 328

6 |{C.HOIP(SKS),CeCl | 95.09 6 [CHQPO |35k T 1740 )

‘ (), 29128 C* 1.1OEm,6H,-(CI—f3)2)

7 [(C,H,0P(SXS),Ce Cl| 103.65 5637 ¢

8 [(CH,0)P()S),CeCl| 104.86 . 73.31, d,c?j |4.92(t, 2H -OCH.)

- 7 ((SCY‘E'%CC))lP(S) 3or, 3548 2.21Eq 1H, -CHY
9 |(CH, 0P()S),CeCl | 102.74 2 €72336C* |1:31(d,6H.(-CH.))
10 |(C,H.O)P(S)(S),CeCl | 101.74 64.43,d,c%. |4.68(t, 2H,-OCH.)
(CHOPEIS);Ce g |(CH, OP(O) 230K 4231 |2:33(d, 2H, -CH3
(S)CEC] €72833°C7 [1:62(m, 1H-CH)
Table3 :*C and 'H spectral data for chloro cerium trithio- igg?g 1.03(d,6H,(-CH,))
./1,0,C-
phosphate CH.OP(S) g =34 5.1(m, 1H,-OCH)
SCNMR Data |'H NVR Data 9 gs)ecﬂc? 529C2  |1.63-2.38
S.No |Compound Chemical- Chemicalshift(®,ppm) )€ 28.04 C3» (m,10H,(CH,),)
shift®,ppm) 31.38 C*
CH.O)P(S 57.39,d,c7]
! 55) cFe) 2153 o [4.51(5, 3H,-OCH,) . 162.59,d,c:-
65.68,d,c- C H.O)P(S) T4z 110,311 35(m, 5H,Ar
C_H.O)P(S) 6 4.29(q, 2H,-OCH.) 26 3-11.35(m,5H,Ar
2 |G Jpead iz 2403HCH) 10 gsﬁc"eo f%gg g fom)
z 1:49,C 2 128.71 C*
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Table 4: Analytical data for chloro cerium trithiophosphate

S.No Compound Mol.Wt % Ce %S %Cl %C %H

1 (CH,0)P()S),CeCl Bs%se W73 |Bs%0s G0%217)  |B%bsa) 5%058)
2 (CHOPONS).CeCl (505 hss)  [(Bo0389)  |076585)  [(102933)  |(6.9067) (i 4s)
3 CHOPOISLCC  [B0%500  |Bas007) |06 o863) ©67081) (©9584) (i %a08)
4 CHOPOISLCeC [P |HS007)  |Geee3) & 5081) b 9584) (i Sa08)
5 CHOPOISLCC  [Fay  |Beos709) G5 s0an) 625) (15 7a24) Ga13a)
6 “(CHO)PO)S),CeCl (337745 .586592) (3366.998579) (2245.851941 ) ?9%18325) ( 112.875824) (22' A 34)
/ CHOPOISLCC  [F%igy |70y G5 0an) (6 4325) (5 5800) GA134)
8 (C5H,; 0)PE)S),CeCl (338889'.48586) (3355.()(51283) (2234.965733) ?9.70293 1) K 145'.345032) (12'.984443)
9 (C,H, OPONS),CeCl [ 507) Gitkas)  |550350) &) {6314 & 7556)
10 (CHOPOIS,CeCl  [B5kuos)  |BEoote) |04 3016) & 5561) {6%053) W 3750)

Observed (calculated)
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